Objective: The objective of the present investigation was to assess the histological effects of different wavelengths and intensities on the healing process of cutaneous wounds. Background Data: Tissue repair is a dynamic interactive process which involves mediators, cells and extra-cellular matrix. Several reports on the use of laser therapy have shown that the healing process is positively affected when the correct parameters are used. Methods: Eighteen standardized wounds were surgically created on the dorsum of male and female Wistar rats, which were subsequently divided into two experimental groups according to wavelength used .670 or 685 nm) for lasertherapy (LLLT). Each group was divided into three subgroups of three animals according to the intensity of the applied irradiation (2, 15, or 25 mW). Twelve animals were used as untreated controls and were not irradiated. The irradiation was carried out during seven consecutive days. The animals were sacrificed eight days after surgery. The specimens were removed, kept in 4% formaldehyde for 24 h, routinely prepared to wax, stained with H&E, and analyzed under light microscopy. Results: For both groups, light microscopy showed a substitution repair process; however, when LLLT was used, a positive biomodulatory effect was detectable, chiefly associated with shorter wavelength and low intensity. Conclusions: The results of the present study indicate that LLLT improved cutaneous wound repair and that the effect is a result of an inversely proportional relationship between wavelength and intensity, with treatment more effective when combining higher intensity with short wavelength or lower intensity with higher wavelength. 513 
INTRODUCTION
T ISSUE REPAIR is a dynamic interactive process, which involves several biochemical and cellular changes. [1] [2] [3] Wound healing events can be divided into three phases: inflammation, granulation tissue formation and both deposition and remodelling of the extra-cellular matrix. 4 It is accepted that factors which influence the healing process also affect the final aspect of the scar as and as its mechanical properties. Many studies involving the use of low-level lasertherapy (LLLT) have shown that the healing process is enhanced by such therapy. [5] [6] [7] [8] [9] [10] [11] The biological effects of the LLLT have been attributed to several factors such as monocromaticity, 11, 12 fluence, 7, 13, 14 as well as of the phase of cellular growth in which the cells are irradiated. [15] [16] [17] LLLT has been used in many medical and dental specialties. 5, 6, 14, 18 Recent studies indicate that the wavelength and specific energy density modulate the metabolism of tissue both in vivo 19, 11, 13, 19 and in vitro. 8, [20] [21] [22] Besides the effects on wound healing, 13, 16, 19, 22 LLLT results in an analgesic effect, 12, 14 reduces edema, prevents infections, 17, 24 and affects nerves. 12, 13 
MATERIALS AND METHODS
The Ethics Committee of the University of the Vale do Paraiba (UNIVAP) approved this work. Thirty young adults male Wistar rats weighing 200-250 g obtained from the Animal House of the University of São Paulo at Ribeirão Preto were kept in individual cages in environmental conditions of temperature and brightness, fed with pelted laboratory diet and had water ad libidum throughout experimental time. The animals were submitted to the surgical procedure and LLLT at the Institute for Research and Development-IP&D-University of the Vale do Paraiba under general anesthesia (intraperitoneal injection of 0.1ml/100g of Zoletil®). The back of the animals were shaved, washed with saline and dried with sterile gauze. One standardized circular wound measuring 8 ϫ 1 mm was created on the dorsum of each animal using a round punch. The animals were divided into two groups containing 15 animals each (15 wounds). These groups were divided into three subgroups containing five animals each (five wounds). When appropriate, three animals were irradiated (three wounds) and two acted as controls (two wounds). The wounds were irradiated with a diode laser on a daily basis always at the same time (670 nm or 685 nm, 50 mW. ~0.0028 cm 2 , Thera Lase®, DMC, São Carlos, SP, Brazil) with total dose per session of 10 J/cm 2 given at varying intensities (2, 15, or 25 mW). Irradiation was performed transcutaneously on four points 2 mm of the border of the wound, fractionating the dose of each session. The equipment according to the intensity used automatically adjusted irradiation time. A summary of the treatment can be seen on Table 1 . The animals were humanely killed with an overdose of intraperitoneal general anesthetic at the eighth day after the surgery. The specimens were removed, coded, kept in 4% formaldehyde during 24 hours and routinely processed to wax cut and stained with H&E and examined under light microscopy by an experienced pathologist at the Laboratory of Oral Pathology of the School of Dentistry of the Federal University of Bahia. The pathologist was not informed of the meaning of the coding of the specimens. Edema, hyperemia, inflammatory infiltrate and the presence and distribution of fibroblasts were used as qualitative parameters for evaluation of the healing process.
RESULTS
At the end of the experimental period all wounds showed the presence of a crust composed of a coagulated eosynophilic fibrinous exudate that was predominately neutrophylic. On control subjects the presence of granulation tissue richly vascularized and strongly hyperemic with the presence of a moderate mononuclear inflammatory infiltrated and discreet and diffuse fibroblastic proliferation containing cells with fusiform or oval nuclei was observed below the wound surface ( Fig. 1) .
On irradiated specimens (670 nm, 2 mW) granulation tissue was characterized by an intense angioblastic proliferation, with the extensive presence of congested capillaries predominantly on the superficial portions of the wound. Exuberant fibroblastic proliferation mainly of young fibroblasts displaying oval nuclei and mature cells whose nuclei were flat was observed seven days after surgery (Fig. 2) . A discreet beginning of re-epithelialization of the ulcer was also observed. Increasing the intensity to 15 mW also resulted in intense angioblastic proliferation with the presence of a predominantly mononuclear inflammatory infiltrate more intense than that observed with 2 mW (Fig. 3) . Further increasing the intensity to 25 mW caused re-epithelialization of the wound on most subjects. Granulation tissue was characterized by intense proliferation of mature fibroblasts distributed in a dense connective tissue. Neovascularization was less evident than that observed when lower intensities were used. There was a discreet presence of a mononuclear inflammatory infiltrate, also of smaller intensity (Fig. 4) .
When using the 685 nm (2 mW) the dermis showed a moderate angioblastic proliferation and less hyperemia than in the group irradiated with 670 nm laser. In addition to intense fibroblastic proliferation, there was a diffuse and moderate mono-
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do Nascimento et al. nuclear inflammatory infiltrate. In the epidermis, discreet re-epithelialization of the wound was observed (Fig. 5 ). When increasing the power to 15 mW, neovascularization was noticed in the dermis and there was prevalence of mature fibroblasts distributed in a connective tissue richer in collagen fibers than observed on the subjects irradiated with 670 nm laser, except for the group irradiated with 25 mW. In the epidermis, epithelial cells were observed covering the surface of most specimens (Fig.  6 ). Increasing the intensity to 25mW resulted in a poor vascular-ized granulation tissue. Predominant presence of young fibroblasts and inflammatory cells, characterizing advanced healing was seen on the dermis (Fig. 7) . However, the most significant characteristic aspect of this group was the presence of adypocytes distributed within the dermis and that was not restricted to deeper portion of the tissue as routinely observed (Fig. 8) .
DISCUSSION
Different parameters for LLLT were used in previous studies of wound healing which explains the conflicting results reported. In the present investigation, two different wavelengths, 670 or 685 nm, were used with the same dose (10 J/cm 2 ) and varied intensities (2, 15, and 25 mW). This study was designed to verify whether or not variation of the intensity and wavelength interfere with the healing process of cutaneous wounds.
In this study, it was evident that the healing process of nonirradiated animals followed the expected course of tissue repair. However, when LLLT was used, more advanced repair was detectable at the end of the experimental period. Many previous reports published have shown positive effects of LLLT on the healing process of both incisional and excisional wounds. 24 In vitro 8, 25, 26 and in vivo 11 studies described elsewhere further support a positive biomodulatory effect of this modality of treatment. However, LLLT effects at cellular level are not fully understood, 20, 13 as controversial data concerning effectivenss of LLLT on the biomodulation of the healing process have been reported. 27, 17 While most in vitro experiments support the hypothesis that LLLT is able to accelerate the healing process, 5,7-11,18,23,28-30 some failed to find any beneficial effect or found no effect on the healing process. 13, [31] [32] [33] Our results indicate that LLLT causes a positive biomodulation of the healing process. 19, 26 The use of lower intensity (2 mW), independent of the wavelength, resulted in an accentuated amount of granulation tissue being associated with increased neovascularization and hyperemia when compared to the controls. Although inflammation was less intensely observed than in the controls, it was similar for both wavelengths. This suggests an anti-inflammatory effect of the treatment. The effect of LLLT is not a true anti-inflammatory as it does not prevent inflammation to occur but it triggered an early onset which was solved more quickly than on the controls as shown in previous reports. 6, 28, 30 Another important result of LLLT was the presence of intense fibroblastic proliferation in the irradiated groups when compared to non-irradiated subjects. This has been shown in previous studies that also indicated increased fibroblastic activity in both in vivo 11 and in vitro conditions. 8, 6, 13, 34 While on wounds irradiated with 670 nm laser an even distribution of both young and mature cells was detectable, in subjects irradiated with 685nm laser there was a more promi-
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FIG. 6. Photomicrography of specimen irradiated by 685
nm laser (15 mW). It observed complete re-epithelization below the crust. Hyperemia is observed at the surface. Presence of dense connective tissue. Deeper on the wound it was observed the presence of adypocytes. H&E, approx. ϫ50.
FIG. 7.
Photomicrography of specimen irradiated by 685 nm laser (25 mW). A coagulated crust covers ulceration. Granulation tissue is characterized by fibroblastic proliferation and moderate mononuclear inflammatory infiltrate. H&E, approx. ϫ100.
FIG. 8. Photomicrography of specimen irradiated by 685
nm laser (25 mW). Intense proliferation of adypocytes was observed at the wound surface. H&E, approx. ϫ100.
nent number of young cells. This suggests a more advanced healing occurs when specimens are irradiated with 670 nm and provides strong evidence of the influence of the wavelength on the repair. The effect of LLLT was also confirmed by the presence of a smaller number of fibroblasts on non-irradiated specimens. Interestingly, it seems that the use of the 685 nm laser light results in a slower effect on the fibroblastic proliferation as a higher number of young cells were observed when this wavelength was used. This corroborates previous studies in which it was suggested that the use of shorter wavelengths present better results. 11 Increasing intensity to 15 mW resulted in more intense neovascularization than their controls since this aspect is strongly associated with intense fibroblastic proliferation. This result represents a positive effect of LLLT on endothelial cells and increased release of several mediators of cellular proliferation. 8, 15, 17, 20, 29 Our results also confirmed previous reports that lower wavelengths have stronger effects on both collagen deposition and distribution as the presence of a connective tissue rich on collagen fibers was markedly present when 670 nm laser light was used. 8, 25, 34, 35 Inflammation was less intense and more advanced on irradiated wounds than in their controls and it was less intense when 670 nm laser was used. Similarly this was observed when 2 mW was used, which is explained by the early onset of the inflammatory response when shorter wavelengths are used. 6, 12, 14 Additional increase of the intensity to 25mW caused differences between irradiated and non-irradiated groups. Re-epithelialization was more advanced when LLLT was used. The use of 670 nm laser light resulted in re-epithelization of the dermis and the presence of dense conjunctive tissue. However, when the wounds were irradiated with 685 nm, there were still remains of vascular granulation tissue and discreet hyperemia. Granulation tissue was characterized by an intense proliferation of mature fibroblasts on wounds irradiated with 670 nm laser and by young fibroblasts in 685 nm irradiated subjects, who also presented increased amounts of mononuclear inflammatory cells. This also suggests the influence of the wavelength on the repair, as shorter wavelengths resulted in a more rapid healing process. 34, 6 A different and not yet reported feature observed in this group was the intense presence of typical adipocytes on specimens irradiated with 685 nm laser light. These cells were located close to the wound surface, and this superficial location is not typical for this type of cells. This finding warrants further investigation.
Further evidence of the effect of both the intensity and wavelength on the repair of the wounds was found within the irradiated groups. When 670 nm laser was used, neovascularization was intense on all the three subgroups. Hyperemia was also present in all subgroups but somewhat less intense when 25 mW was used. The specimens irradiated with 25 mW presented a poorly vascularized granulation tissue.
The mononuclear inflammatory infiltrate was discreet with 2 and 25 mW, which was more intense than that produced by 15 mW. Fibroblastic proliferation was more intense when 2 and 25 mW were used. Re-epithelialization was discreet in all subgroups.
The use of 685 nm laser light on subgroups 2 and 15 mW resulted in the presence of a diffuse and moderate mononuclear inflammatory infiltrate, which was more intense when 25 mW was used, despite hyperemia being more intense when 15 mW was used. Although fibroblastic proliferation was considerable in all the intensities, with 2 and 25 mW, the presence of young cells was marked, and with 15 mW, mature cells prevailed.
Visible lasers have been the most widely used for wound healing, but, the development of low costs diode lasers have provided a new option for treatment of these wounds. Previous studies showed differences of effects between close wavelengths. 11 Al-Watban et al. 11 observed the effects of different wavelengths on the healing process and evaluated the transmission of the laser light throughout the skin, suggesting that 632 nm laser light (20 J/cm 2 ) was more effective than the other wavelengths used and the increase of transmission of the laser light throughout the skin is not related to biomodulation.
These preliminary results indicate that LLLT improved cutaneous wound repair and that the effect is a result of an inversely proportional relationship between wavelength and intensity. The treatment is more effective combining higher intensity with short wavelength or lower intensity with higher wavelength.
